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1. Introduction 


Hycleus Latreille, 1817, belonging to the tribe 
Mylabrini, is the most speciose genus of the blis- 
ter beetle family (Meloidae) with approximately 
430 described species. The genus is restricted to 
the Old World and centered in the A frotropical re- 
gion (Bologna & Pinto 2002). However, the only 
study of the genus is a very old comprehensive 
monograph (Marseul 1872) devoted to the entire 
tribe Mylabrini. Hycleus itself remains inade- 
quately studied and needs to be completely re- 


vised. In the literature it has been confused with 
the genus Mylabris Fabricius, 1775 and other 
Mylabrini genera by several authors. The very 
complex synonymy and generic definition of 
Hycleus were explained by Bologna (1978, 1991) 
and Bologna and Pinto (2002). 

The taxonomy of some species or species 
groups has been studied in the last 50 years (e.g. 
Pardo Alcaide 1954, 1955, 1958, 1968, Saha 
1972, 1979, Bologna 1978, 1979, 1990, 1991, 
Bologna & Turco 2007). Recently, a preliminary 
taxonomic study of Chinese Hycleus species was 
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Fig. 1. Hycleus solonicus (Pallas, 1782), adult. — a. Habitus, male. — b. Antenna, male. — c. Elytral patterns, both 
sexes. — d. Mesosternum and mesepisterna, male. — e. Tegmen, male, ventral view. — f. Tegmen, male, lateral 
view. — g. Aedeagus, male, lateral view. — h. Spiculum gastrale, male. Scale bars: 5 mm (a); 1 mm (b, d-h). 


published by Pan et al. (20112), and a key of the 
Oriental phaleratus species group from China has 
been published by Pan et al. (2014). 

Hycleus polymorphus species group belongs 
to the Hycleus lineage characterized by a meso- 
sternum of Mesoscutatus type (see Bologna, 
1991). It is widely distributed in the Palaearctic 
region. It is easily distinguishable from other 
Hycleus groups belonging to the Mesoscutatus 
lineage by the following characters: antennae 
black, with 11 antennomeres; antennomeres VII- 
IX widened (Fig. 1b); elytra black with some red- 
dish yellow spots and fasciae: two basal spots 
(one in the middle, and one on the external margin 
but disappeared in some species), two middle 
transverse fasciae and one apical spot; the yellow 
spots and fasciae enlarged and fused in some spe- 
cies (Fig. 1c). The polymorphus group includes at 
least 13 species: H. atratus (Pallas, 1773), H. bi- 
guttatus (Gebler, 1841), H. chodschenticus (Bal- 
lion, 1878), H. fuscus (Olivier, 1811), H. hume- 
rosus (Escherich, 1899), H. pierrei (Kaszab, 
1969), H. polymorphus (Pallas, 1771), H. quatu- 


ordecimpunctatus (Pallas, 1782), H. scabiosae 
(Olivier, 1811), H. solonicus (Pallas, 1782), H. 
tekkensis (Heyden, 1883), H. tenerus (Germar, 
1834), and H. zebraeus (Marseul, 1870). 

Hycleus solonicus (Pallas) occurs very com- 
monly in the northeastern Palaearctic region, es- 
pecially in the far western Chinese region east of 
Mt. Altai. It lacks detailed descriptions or charac- 
ter illustrations before the present study. When 
one ofthe authors (Pan) working on specimens of 
Chinese meloid species housed in the M. Bolo- 
gna's collection (MAB), he recognized that 7. 
solonicus was wrongly determined as Mylabris 
axillaris and H. chodschenticus by both Tan 
(1986) and Pan er al. (2010), which led to 
interpretate erroneously the distribution of the 
species, especially in China. 

The morphology of first-instar larvae (also 
called triungulins) of the genus Hycleus has been 
scarcely dealt (e.g. Beauregard 1890, MacSwain 
1956), but some species have been utilized for 
phylogenetic studies (Bologna & Pinto 2001). In 
addition, two studies on triungulins of the genus 
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Mylabris from the former USSR (Juchnevitsch 
1955, Priamikova & Juchnevitsh 1958) referred 
to six species of the polymorphus group (H. 
atratus, H. biguttatus, H. chodschenticus, H. 
polymorphus, H. scabiosae, and H. tekkensis). 
However, the triungulins of H. solonicus has 
never been studied. 

The main purposes of this study are to 
redescribe the adult of Hycleus solonicus, to pro- 
vide its COI sequence fragment for DNA bar- 
coding for the first time, to review its geograph- 
ical distribution, and to describe the morphology 
of the egg and the first-instar larva. 


2. Materials and methods 


Totally 1,438 adult specimens ofthe species were 
examined for this study, including 1,405 from 
China and 33 from Mongolia. The following ab- 
breviations used in the text represent the studied 
collections: 


IZCAS = Chinese Academy of Sciences, Institute 
of Zoology, Beijing, China 

MAB =M. A. Bologna coll., Università degli stu- 

di Roma Tre, Rome, Italy 

MHBU (and MHBUa) = Museum of Hebei Uni- 

versity, Baoding, China (the material pre- 

served in 95% alcohol = MHBUa) 

MZH - Finnish Museum of Natural History, Uni- 

versity of Helsinki, Helsinki, Finland 

NKUM - Nankai University, Tianjin, China 

NXUM - Ningxia University, Yinchuan, China 

TMNH - Tianjin Museum of Natural History, 
Tianjin, China 

ZIN = Russian Academy of Sciences, Zoological 
Institute, St. Petersburg, Russia 





The figures of the morphological details were 
drawn by hand, using a Nikon SMZ1500 
stereomicroscope equipped with a camera lucida. 
The photographs of adult habitus were taken with 
a Canon EOS 5D Mark III connected to a Canon 
Macro lens EF 100 mm. 

The first-instar larvae of H. solonicus, used 
for the description, were held at a room-tempera- 
ture on 7.VIL2014. The eggs were laid from 
adults that were collected on 3.VII.2014 from 
Jinhekou of Mt. Xiaowutaishan (Yu County, 
Hebei Prov., China) by Zhi-Zhong Gao. 


Table 1. GenBank accession numbers of COI se- 
quences of the species used as comparisons with 
Hycleus solonicus. 








Species Length (bp) Source 

Hycleus chodschenticus 704 JX679716 
Hycleus phaleratus 713 KC112991 
Hycleus cichorii (unverified) 778 KC112989 
Hycleus parvulus (unverified) 741 JX861893 





The larvae were observed and described using 
a Olympus BX53 microscope, photographs were 
taken by using the desktop SEM Hitachi 
TM3000. 

The methods of the molecular studies are the 
same as those used in Liu et al. (2016), but the ge- 
netic distances were calculated by using the 
Kimura 2-parameter model (K2P, Kimura 1980). 
The samples used for DNA barcodes are listed in 
detail in the Appendix I and deposited in 
MHBUa. The four other COI sequences (Table 
1), i.e. those of H. chodschenticus, H. phaleratus, 
H. cichorii, and H. parvulus, were downloaded 
from GenBank and used to calculate the interspe- 
cific genetic distances in the genus Hycleus. 


3. Hycleus solonicus (Pallas, 1782) 


Meloe solonica Pallas, 1782: 87, fig. E-12 (Type 
locality: *Rossiae Sibiriaeque" — Siberia of 
Russia. Type depository: ZIN, but destroyed 
by fire); Billberg 1813: 74. 

Mylabris solonica: Schónherr 1817: 35; Fischer 
1827: 7; Waltl 1838: 465; Reiche 1866: 636; 
Gemminger & Harold 1870: 2143; Marseul 
1870: 89; 1872: 510; Oertzen 1886: 264; 
Sumakov 1915: 38; 1930: 67; Reichardt 
1934: 232; Kôno 1940: 57; Iablokoff- 
Khnzorian 1983: 69. 

Mylabris famelica Ménétriés, 1854: 36 (Type lo- 
cality: China. Type depository: ZIN); Gem- 
minger & Harold 1870: 2137. Synonymized 
by Sumakov 1930: 67. 

Zonabris solonica: Heyden 1881: 152; 1893: 
131; Escherich 1892: 124; 1899: 91; Dokh- 
touroff 1889: 159. 

Mylabris (Tigrabris) solonica: Kuzin 1954: 365. 
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Mylabris axillaris: Tan 1986: 486, fig. 11—15-5; 
Ma et al. 1991: 148; Guo 1994: 22; Tan et al. 
1995: 325; Hua 2002: 130; Yang & Ren 2007: 
430, fig. 17 (hing wing). [nec. Billberg, 1813] 

Mylabris (Mylabris) solonica: Tshernyshev & 
Axentiev 1996: 54. 

Hycleus solonicus: Bologna 2008: 389. 

Hycleus chodschenticus: Pan et al. 2010: 185; 
2011a: 182, fig. 4, 19; 2011b: 730, fig. 9; 
2013:214; Ren & Niu 2011: 137, fig. 10 (hing 
wing); Zhao et al. 2012: 37. [nec. Ballion, 
1878] 


3.1. Descriptions 
3.1.1. Adult 


Diagnosis. A species of the Mesoscutatus type 
lineage, belonging to the polymorphus group. 
Body only with black setae except ventral side of 
prothorax, elytral axillary part, all coxae, pro- and 
mesotibiae and protarsi with mixed black and yel- 
low setae at least. Basal part of antennomere XI 
approximately as wide as the apical part of 
antennomere X (Fig. 1b). Elytral yellow-reddish 
fasciae wide and various (Fig. 1c). Fore margins 
of mesepisterna forming a median wide groove; 
“scutum” (see Bologna & Pinto 2002) wide, with 
dense long setae on posterior central part (Fig. 
1d). Setae on external side of protibiae and 
protarsomeres I-IV conspicuously longer than 
those on other parts of tibia and tarsi in male. 
Parameres (Figs le, f) with slender and elongate 
apical lobes, much narrower than basal two-third 
in ventral view. Distal aedeagal dorsal hook posi- 
tioned in the middle between proximal hook and 
apex; proximal hook slender (Fig. 1g). 

The elytral pattern of adult Hycleus solonicus 
is very similar to H. quatuordecimpunctatus, H. 
chodschenticus, H. scabiosae, and H. humerosus. 
However, H. solonicus can be easily distin- 
guished from the latter four species by: 1) Hy- 
cleus solonicus has no yellow setation on prono- 
tum and dorsal surface of head, while the latter 
four species have mixed yellow and black setae 
on pronotum and dorsal surface of head. 2) The 
body length is 15-22 mm, while the latter four 
species are usually shorter than 15 mm. 3) The 
shape of their mesosternal “scutum” is different 
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as well as the length and density of apical setae on 
the “scutum”. 4) The setae on pronotum and male 
protarsomeres are longer than those of the four 
species. 5) The shape of head and pronotum, and 
the density of punctures on head and pronotum 
are different. 6) The position and shape of male 
aedeagal distal hook are different among these 
five species. 

Redescription. Body (Fig. 1a) unicolour 
black, except anterior margin of clypeus dark red, 
apex of mentum brownish yellow, antennomeres 
I-XI brown-black, and elytra black but with 
yellow spots and fasciae as in Fig. 1c. Body with 
black long setae, except antennomeres I-XI and 
legs only with long setae on ventral sides of all 
coxae, trochanter, femora, and external sides of 
protibiae and protarsomere I-IV (male) or LA 
(female, and evidently shorter and fewer than 
male), but mixed golden setae on following parts: 
ventral side of thorax, elytral axillary part, pro- 
legs, mesolegs except tarsi, ventral side of 
metatibiae, and tarsal pads; sometimes lacking 
yellow setae on ventral side of meso- and meta- 
thorax, all femora, and metatibiae. Body length 
(apex of mandibles—apex of elytra): 15-22 mm. 

Head: Subquadrate, evidently wider than long 
(from fronto-clypeal suture to posterior margin of 
head), with maximum width at level of eyes. 
Punctures shallow, medium in size and quite 
dense, distance between punctures less than their 
diameter, with a longitudinal impunctate area on 
center of frons. Eye globose, with antero-dorsal 
margin slightly sinuate, just behind antennal in- 
sertion. Temple slightly widened, subparallel, 
only slightly curved posteriad and slightly shorter 
than longitudinal diameter of eye. Clypeus nar- 
rower than interocular width, rounded on sides, 
posteriorly with similar punctures as on frons, an- 
teriorly almost smooth and slightly sloping; 
labrum scarcely narrower than clypeus, rounded 
on sides, fore margin almost straight in both 
sexes, medially slightly depressed. Maxillary ga- 
leae and palpomeres unmodified in both sexes. 
Mandibles curved and progressively narrowed on 
apical half. Antennae with 11 antennomeres (Fig. 
1b), subopaque; antennomere I approximately as 
long as II-III together; II subglobose; III-IV 
subcylindrical and slender, III slightly longer 
than IV; IV-VI similar in length; VII slightly lon- 
ger than VI; VIII and IX with similar length, 


ENTOMOL. FENNICA Vol. 28 * Revision of Hycleus solonicus (Meloidae) 


subtrapezoidal, apically enlarged on external 
side, increasing in width from V to X and then de- 
creasing from X to XI, X subquadrate and slightly 
longer than IX; XI conspicuously narrower and 
nearly twice as long as X, subcylindrical but nar- 
rowed in the apical two-fifth. 

Thorax: Pronotum slightly wider than long, 
about as wide as head at temple, widest in middle, 
slightly rounded and subparallel on sides of basal 
half, and then conspicuously narrowing anteriad; 
fore portion slightly depressed, as well as on mid- 
dle of base, just in front of mesonotum, three 
slight depressions transversely on center; punc- 
tures similar to those on head, with a longitudinal 
medial small furrow, almost impunctate. Elytral 
pattern as in Fig. la, c. Mesosternum of meso- 
scutatus-type (Fig. 1e); apex of "scutum" densely 
covered with long black setae; fore margins of 
mesepisterna forming a wide median groove. 
Legs slender; protibiae with two spurs, both tibial 
spurs on all legs slender; protarsi in both sexes 
with a distinct golden ventral pad. Protarsi longer 
than protibiae, protarsomeres always longer than 
wide, slightly widened apically and with dense 
and longer setae at apex of I-IV in male but I-III 
in female. Long setae on external side of protibiae 
and protarsomeres conspicuously longer in male 
than in female 

Abdomen: Posterior margin of penultimate 
male abdominal sternite subrectilinear, that of last 
visible sternite emarginated. Parameres (Fig. le, 
f) conspicuously elongate in ventral view, their 
length approximately 1.3 times length of phallo- 
base; divided from middle; with slender and elon- 
gate apical lobes, much narrower than basal two- 
thirds. 

Aedeagus: With two hooks, distal one smaller 
than proximal one, with different shape, and posi- 
tioned in middle between proximal hook and 
apex (Fig. 1g); endophallic hook large. Spiculum 
gastrale as in Fig. 1h. 


3.1.2. Egg 
Description. Egg white, elongate, round at both 


ends, a little wider at one apex, and length/maxi- 
mal width approximately 2.03/0.58 mm. 
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3.1.3. First-instar larva 


Diagnosis. Head slightly narrower than anterior 
part of pronotum; basal elevation absent; palpo- 
mere MX2 twice as long as MX1, MX3 three 
times as long as MX2; ecdysial line present on 
pro- and mesonotum and absent on metanotum. 

According to the key published by Priami- 
kova and Juchnevitsh (1958), the first-instar lar- 
vae of H. solonicus could be easily distinguished 
from the other species ofthe polymorphus group, 
except H. chodschenticus, by the mesonotum 
having eight setae on PR. The first-instar larva of 
H. solonicus is very similar to that of H. 
chodschenticus, however, and we could not find 
any differences between them based on the de- 
scription made by Juchnevitsh (1955). Before the 
first instar larvae ofthese two species can be sepa- 
rated, a detailed description is needed also for H. 
chodschenticus in addition to the description be- 
low for H. solonicus. 

Description. Habitus (Fig. 2a, b) and micro- 
sculpture: triungulin elongate, about 3.74 times 
as long as greatest width (on meso-metathorax), 
evenly narrowed posteriorly. Head, legs, terga 
and abdominal sterna well sclerotised. Colour 
light-brown. Cuticle of sclerotized areas of body 
with irregular polygonal meshes, meshes very 
sparse on head, pro-, meso-, and metanotum. 

Head (Figs 2c, d): Cephalic capsule trans- 
verse, sub-rectangular, widest at base, sub-paral- 
lel on sides; dorsal surface regularly convex, with 
truncate anterior margin and without basal eleva- 
tion. Epicranial suture visible, stem short, frontal 
arms almost reaching antennal base. Single 
stemma present on each side, border almost invis- 
ible. Frons fused to clypeus without apparent su- 
ture; labrum and anterolateral sides of fronto- 
clypeus folded ventrally, fitting host seta, and 
partially covering mandibles. Frontoclypeal row 
(FCR) with three pairs of setae, lateralmost 
(FCR3) nearly ventral due to folding of antero- 
lateral frontoclypeus, sub-equal to length of 
FCR2; FCRI much shorter than others; sensory 
pit absent. Four pairs of setae posterior to FCR, 
following a curved line paralleling arms of 
epicranial suture; lateralmost longest, slightly an- 
terior to antennal insertion. Each epicranial plate 
with one seta posterior of antennal fossa; ocular 
seta unmodified, much longer than others, placed 
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Fig. 2. Hycleus solonicus (Pallas, 1782), first-instar larva. — a. Habitus, dorsal view. — b. Habitus, ventral view. 
— c. Head, dorsal view. — d. Head, ventral view. — e. Mouthparts, frontal view. — f. Right antenna, ventral view. 
— g. Metathoracic claw. — h. Mesothoracic spiracle. 
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anterior to stemmata and posterior to ocular sen- 
sory pit; four pairs of setae dorsally anterior to 
base, one pair of large pits displaced anteriorly of 
medial pair; three pairs of setae longitudinally ar- 
ranged on sides. Labrum transverse, almost cov- 
ered by clypeus, with straight anterior margin, 
with three pairs of setae of different sizes approxi- 
mately distributed along margin, and other two 
setae on center. Mandibles ventral in position, 
falcate (Fig. 2d); cutting edge smooth; lateral 
margin with two setae on basal half and two pits 
mesodorsally. Maxillae (Fig. 2e) with stipes very 
broad, with two rows of setae: apical row (first 
row) with three setae, lateral seta extremely long, 
medial seta short; basal row (second row) with 
single short setae and one pit; cardo transverse, 
cardinal seta present; mala simple, lobiform, pro- 
truding, with several long thick setae; maxillary 
palpi short, slightly longer than stipe, three- 
jointed: palpomere I short, II twice as long as I, III 
approximately three times as long as II, with a 
large apical sensory area bearing a crown of ap- 
proximately seven conical papillae and a medial 
conspicuous sticklike sensory papilla longer than 
others; segment I with one ventral pit; palpomere 
II with two lateral setae, outer one very long, 
subequal to length of stipe, and inner one ex- 
tremely short; palpomere III asymmetric, sub- 
hemispherical, with one short seta on inner side 
and one slender, elongate, lateral digitiform 
sensillum. Labium with mentum bearing one pair 
of short setae basally; submentum with one pair 
of setae positioned subapically and one pit in 
middle; prementum with one pair of medial setae 
near insertions of palpi on prementum and one 
pair of minute setae at base; labial palpomere I 
short and broad, labial palpi small (Fig. 2e) with 
joints very short, cylindrical; II cylindrical, 
slightly more than twice I, with a small apical sen- 
sory appendix surrounded by eight smaller pa- 
pillae, one sensory pit lateroventrally (outer side). 
Antennae (Fig. 2f) short, anterolaterally directed; 
antennomere I short, ring-like, with one dorsal 
and one lateral sensory pit; antennomere II sub- 
cylindrical, about four times as long as I, asym- 
metrical with two short spinelike apical setae (one 
dorsolateral, one ventral), and one dorsal pit; sen- 
sory appendix on second joint reduced to a disk- 
like plate laying obliquely at ventrolateral apex; 
antennomere III slender, cylindrical, about half as 
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long as II, with a long apical seta (antennal seta) 
slightly shorter than antennomere III, and three 
short subapical spine-like setae and one minute 
seta, also with one basolateral pit. 

Thorax (Fig. 2a): Segments transverse, 
slightly broader than head, with terga well sclero- 
tized, subequal in width; pronotum subsquare 
with sides straight but slightly enlarged at base; 
meso- and metanotum subrectangular, their total 
length approximately 0.7 times of that of prono- 
tum, with sides straight; metanotum slightly 
shorter than mesonotum and similar in width. 
Ecdysial line well marked and complete on pro- 
and mesonotum but absent on metanotum. Prono- 
tum with 20 setae (15 long and five short) and six 
pits present symmetrically at each side of ecdy- 
sial line, approximately disposed in three trans- 
verse, subparallel rows; anterior row (AR) with 
three long setae, four short setae and five pits; 
middle row (MR) relatively confused, with seven 
long setae; posterior row (PR) with five long 
setae, one short seta and one pit; prosternum not 
sclerotized, sterna of meso- and metathorax 
slightly sclerotized medially; prosternum with 
three pairs of small setae longitudinally, arranged 
medially (two anterior pairs and a long one be- 
tween procoxae), with two pairs of short setae on 
external of coxae. Mesonotum three times as 
wide as long, with nine long setae in three rows on 
each side: AR with one minute seta, one short seta 
and one pit; MR with five setae; PR with four 
setae and two pits; mesosternum with two pairs of 
small setae longitudinally, arranged medially (an- 
terior one short and posterior one long), and one 
pair of short setae on external of coxae. Setae of 
metathorax similar in number, position and rela- 
tive size as those on mesothorax, except only with 
one pair of minute setae on AR of metanotum. 

Legs (Fig. 2b): Coxae short and broad, obli- 
quely truncate and unsclerotized at apex, with 
four subapical setae, two minute setae and two 
pits; trochanters without setae basally but with 
medial belt of six or seven pits and two setae; 
femora slightly enlarged from base to apex, 
slightly compressed laterally; profemur shorter 
than others, meso- and metafemora similar in 
length; femora each with 12 setae and one pit, ma- 
jor ventral femoral seta much shorter than femur, 
and increasing in length from pro- to metafemora; 
tibiotarsi and claws increasing in length and nar- 


ACC DW IAI 
TMAGAATRCT 


ATAAGATTIT 
AATTGTAGAA 


AACTGTAATT 
TATTTGTATG 
CCTGTITTIAG 
TACTICCTIT 


PTAA OU ICG 
TITATAATGT 
RCTAGGGOGCC 
GAYTACTACC 
TGCOCATGQGA. 
AATATACGAG 
AGOAGTTGCOCY 
TITGACCCAG 
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TOCATGAG 
GAACTHGGAA 
TATTGTTACA 
TTGTTATIGG 
CCCGACATAG 
CCCATCTCTT 
GAACAGGATG 
GGTICTICTG 
ATCAATTTTA 
CEGCIGGTAT 
ATTACAGCYC 
TACTATATTA 
CAGGIGEGGG 


(6667 AHA La 
AYCCAGGAAC 
GCTCACGCTT 
TGGATTTGGG 
CCTTTCCCCG 
ACTCTTTTAA 
AACAGTYTAC 
TAGATTIAGC 
GGAGCTGETAA 
AACATITGAT 
TTCTTCTACT 
YTAACTGATC 
AGACCCAATC 


SE Lat LC 
TCTAATTGGA 
TYAYYATAA 


TCATAAGAA 
CCCCCACTGT 
CATCITIAGA 
CGTATACCT 
WCITTCICIA 
CITTACCA(GG 


ATCT CA A 


GSI 





Fig. 3. COI sequences for DNA barcodes from 19 individuals of Hycleus solonicus. Codes for variable sites (for 
frequencies, see Table 2): M: Aor C, R: Aor G, W: Aor T, Y: C or T, K: G or T, and H: A or C or T (according to 
The International Union of Pure and Applied Chemistry, IUPAC). 


rowing from pro- to metathorax; tibiotarsi with 
four longitudinal rows of 3—5 robust setae; claws 
(Fig. 2g) thin, acute and slightly curved at apex, 
with 2 sub-basal setae of different length, slightly 
displaced at base, distal seta nearly twice longer 
than proximal one and almost approaching apex. 
Abdomen (Fig. 2a, b): Gradually tapering 
from base to apex, maximum width at segment I; 
terga rectangular with entire posterior margins; 
laterotergites completely fused with medial terga; 
terga of segments I-VIII with three transverse 
rows of setae, each lateral half with setation as 
follows: AR with one minute seta (three on 
tergum I) and one pit, MR with three short setae 
and PR with five long setae and one pit; tergum 
IX with ten setae in two rows (four on AR and six 
on PR), and two very elongate caudal setae on 
apical margin, about as long as distance from an- 
terior margin of mesonotum to posterior margin 
of abdominal tergum IX. Sterna well sclerotized, 
entire, subrectangular; setation of sterna as fol- 
lows: AR and MR with one pair of short setae, PR 
with three pairs of long setae forming a row along 
posterior margin of sclerites; PR of sternum IX 
with two pairs of short setae. Abdominal apex 
(segment X or pygopod) membranous. 
Spiracles: Single mesothoracic spiracle (Fig. 
2h) ventrolateral in position; abdominal spiracles 
I-VIII open, similar in size and shape, slightly 


smaller than mesothoracic spiracle, placed on 
posterior part of laterotergites. 


3.2. DNA barcoding 


Nineteen mitochondrial COI sequences of H. so- 
lonicus were obtained in total. They were pruned 
to lengths of 658 bp (Fig. 3) after sequence align- 
ment and the manual removal of low quality sec- 
tions. In its nucleotide composition, A, T, C and G 
are 27.8%, 34.4%, 20.6% and 17.2% respec- 
tively, where A+ T content (62.2%) is higher than 
C+Gcontent (37.8%). There were 636 conserva- 
tive sites and 22 variable sites, the latter ones are 
listed in Table 2. No frame shift or nonsense 
codons were found. 

The mean intraspecific genetic distance in H. 
solonicus was 0.005, and the mean interspecific 
genetic distance values between the pairs of two 
species are listed in Table 3. The interspecific ge- 
netic distance between H. solonicus and H. 
chodschenticus was 0.004, subequal to the intra- 
specific genetic distance in H. solonicus. After 
checking the GenBank sample information of the 
H. chodschenticus sequence JX679716, we be- 
lieve that the submitter of that sequence probably 
determined the species incorrectly. 
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Table 2. Variable sites and probabilities of each base 
in the 19 COI sequences of Hycleus solonicus. 








Sites  A(%)  T(%) Cou  G(%) 
7 5.9 94.1 = = 
52 66.7 » 33.3 E 
58 94.4 = = 5.6 
67 5.6 11.1 83.3 R 
76 16.7 11.1 72.2 = 
82 E 94.4 5.6 - 
142 = 61.1 38.9 z 
144 = 94.4 5.6 = 
145 - 94.4 5.6 - 
163 38.9 - = 61.1 
166 83.3 = = 16.7 
211 73.7 z = 26.3 
263 = 94.4 5.6 = 
316 89.4 5.3 5.3 S 
337 7 5.3 94.7 z 
401 = 21.1 78.9 = 
442 = 5.3 94.7 S 
472 E 94.7 - 5.3 
520 = 5.3 94.7 = 
529 E 78.9 21.1 s 
541 15.8 84.2 5 = 
581 = 94.7 5.3 = 





3.3. Bionomics of adults 
3.3.1. Phenology 


Adults are active in spring and summer, from 
April to August, but mainly in the early and mid- 
dle of July (records of the early and middle July 
represent 45.45% of the total records, specimens 
of IZCAS, MHBU, MHBUa, NKUM, NXU, 
TMNH, Reichardt 1934, Kôno 1940, Pan et al. 
2010, 2011a, 2013). 


3.3.2. Host plants 


The known host plants of H. solonicus are: 
Amaranthaceae: Beta vulgaris (Zhao et al. 2012), 
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Convolvulaceae: Convolvulus arvensis (Peng, 
see in Acknowledgements), Leguminosae (Tan 
1986, Guo 1994, Hua 2002): Astragalus pro- 
pinquus (Tan 1986, Guo 1994), Glycine max 
(Zhao et al. 2012), Phaseolus vulgaris (Zhao et 
al. 2012), Paeoniaceae: Paeonia lactiflora (Guo 
1994), Solanaceae: Solanum tuberosum (Zhao et 
al. 2012), and Theaceae: Camellia oleifera (Zhao 
et al. 2012). 


3.4. Distribution 


Hycleus solonicus is distributed in China (North- 
ern, Northeastern and Central territories), Ka- 
zakhstan, Korea, Mongolia (Eastern, Central and 
Northern territories), and Russia (Siberia, Far 
East). Records of elevation are from 350 to 1,296 
m a.s.l. (specimens of IZCAS, MHBU, MHBUa, 
NKUM). 


4. Discussion 


According to the previous literature, Zonabris 
solonica var. dianae Sahlberg, 1913 is a variety of 
the species H. solonicus (Sahlberg 1913, 
Sumakov 1930, Bologna 2008, Pan et al. 2011a). 
We examined a possible type specimen (female) 
borrowed from the MZH which had been col- 
lected from the type locality [Ephesus of Turkey 
("Ephesi")] and determined by Sahlberg, but the 
type label is absent. We found that Zonabris 
solonica var. dianae conspicuously differs from 
H. solonicus. Therefore, Z. solonica var. dianae 
remains in the polymorphus group but must be re- 
ferred to a species other than H. solonicus. We 
propose that Z. solonica var. dianae could be a 
synonym of Hycleus scabiosae (Olivier, 1811). 
Because of incorrect determinations of H. 
solonicus, e. g. as Mylabris axillaris Billberg, 


Table 3. Pairwise distances between five species of Hycleus based on COI sequences. 





H. solonicus H. chodschenticus H. phaleratus H. cichorii 
H. solonicus 
H. chodschenticus 0.004 
H. phaleratus 0.181 0.182 
H. cichorii 0.184 0.186 0.108 
H. parvulus 0.105 0.107 0.198 0.173 
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1813 by Tan (1986) and as H. chodschenticus 
(Ballion, 1878) by Pan et al. (2011), the geo- 
graphic distribution of H. solonicus is poorly de- 
fined. According to the present study, there are 
some doubtful collection localities in the litera- 
ture: 


1) Specimens collected in Jiangxi Province (Pan 
et al. 2011a, 2011b, 2013, Zhao er al. 2012) 
should be listed from Jiangsu Province. These 
errors are due to orthographic mistakes; 

2) The Turkish locality of “Ephesi” recorded by 
Sahlberg (1913) is the type locality of 
Zonabris solonica var. dianae, then referred 
by Sumakov (1930) as Turkish European ter- 
ritory. After removing this variety (see 
above), we confirm that H. solonicus does not 
occur in W Turkey; 

3) Altai (Kuzin 1954), Georgia (Reiche 1865, 
Sumakov 1930), *Asia Minor" (Sumakov 
1930), “Turkestan” (Heyden 1893, Sumakov 
1915, 1930) are various localities recorded in 
older literature. Some of them could refer to 
other species, which are quite similar to H. 
solonicus, such as H. humerosus. Therefore, 
the validity of these localities needs further 
verification; 

4) The following localities are recorded for H 
chodschenticus (Pan et al. 2010 2011a, 
2011b, 2013, Zhao et al. 2012): Azerbaijan, 
Kyrgyzstan, Uzbekistan, Tajikistan, and 
Turkmenistan. These records probably refer 
to the true H. chodschenticus (Ballion, 1878); 

5) Egypt and Syria represent the distribution of 
M. axillaris Billberg, but they were incor- 
rectly recorded by Tan (1986) and Hua 
(2002). 
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Appendix |. Sample data for molecular analysis of Hycleus solonicus. 








Codes Localities Date 
140728—140732, 140915, Agriculture, forestry and orchard, Mt. Xiaowutaishan, 5.VII.2014 
140916, 140919, 140922 Hebei Prov., China 

140739—140742, 140921 Zhangjiayao, Mt. Xiaowutaishan, Hebei Prov., China 2.VII.2014 
140971 Shanjiankou, Mt. Xiaowutaishan, Hebei Prov., China 30.VI.2014 
141214, 141217 Mt. Xiaowutaishan, Yu County, Hebei Prov., China 5.VII.2014 
32JH3 Huangtuliang, Pingquan County, Hebei Prov., China 3.VIII.2012 
M1H5 Bashihao, Dahuangqi, Saihanba, Weichang County, 1.VI.2015 


Hebei Prov., China 





Appendix II. List of localities from literature and museum collections (for abbreviations of museums, see Materi- 
als and methods). 


China. China (Tshernyshev & Axentiev 1996); China border (Gemminger & Harold 1870); Man Choei (TMNH); 
Mao eull chan (TMNH); Si chan (TMNH); Chan si S. O. (TMNH). Beijing (Tan 1986, Pan et a 2010, 2011a, 
2011b, 2013, Zhao et al. 2012): Badaling (MAB). Gansu (Pan et al. 2010, 2011a, 2011b, 2013, Zhao et al. 
2012): Heshui County: Taibai (MHBU). Hebei (Tan 1986, Hua 2002, Pan et al. 2010, Zhao et al. 2012): Beidaihe 
City (NKUM, Pan et al. 2011b); Fengning County (Pan et al. 2011b): Dengzhazi Forest Farm (MHBU, Pan et al. 
2011a); Fuping County (Pan et al. 2011b): Longquanguan (MHBUJ; Laiyuan County (Pan et al 2011b): Mt. 
Baishishan (MHBU, Pan et al. 2011a), Mt. Hushan (MHBU, Pan et al. 2011a); Longhua County (MHBU, Pan et 
al. 2011b); Pingquan County: Huangtuliang (MHBUa); Weichang County (MHBU, Pan et al. 2011b): Kelegou, N 
41*52'58.1", E 118*11'3.3", Elev. 1,183 m (MHBU), Mt. Longtoushan, N 41°57’2.8”, E 117°46’39.9”, Elev. 1,078 
m (MHBU), Mt. Longtoushan, N 41*57'36.1", E 117?45'25.4", Elev. 930 m (MHBU), Polainangou (MHBUa), 
Saihanba (MHBU): Bashihao, Dahuanqi (MHBUa), Wudaogou, N 42°1’3.3”, E 116*58'54.1", Elev. 1,111 m 
(MHBU), Yudaokou (MHBU), Zhongmiaochang, N 42°5’34.9”, E 117°25’5.5”, Elev. 1,288 m (MHBU); Yu County 
(Pan et al. 2011b): Mt. Xiaowutaishan (MHBU, MHBUa, Ren & Niu 2011, Pan et al. 2011a, 2013), Chiyapu 
(MHBU, Pan et al. 2011a, 2013), Jinhekou (MHBU, Pan et al. 2011a, 2013), Wangxidong (MHBU, Pan et al. 
2013), Zhangjiayao (MHBUa); Zhangbei County (MHBU, Yang & Ren 2007, Pan et al. 2011b); Zhuolu County 
(Pan et al. 2011b): Chadao Forest Farm (MHBU), Shanjiankou (MHBU, MHBUA, Pan et al. 2011a, 2013), 
Yangjiaping Forest Farm (MHBU, Pan et al. 2013). Heilongjiang (Bolonga 2008, Pan et al. 2010, 2013, Zhao et 
al. 2012): Ning'an County: Jingpo Lake (NKUM); Xi'an District (Kóno 1940). Hubei (Tan 1986, Hua 2002, Pan et 
al. 2010, 2011a, 2011b, 2013, Zhao et al. 2012). Hunan (Pan et al. 2010, 2011b, 2013, Zhao et al. 2012): 
Fenghuang County (MHBU, Pan et al. 2011a). Inner Mongolia (Tan 1986, Guo 1994, Hua 2002, Pan et al. 
2010, 2011b, 2013, Zhao et al. 2012): Chifeng City (Tan et al. 1995); Fengzhen City (MHBU); Hexigten Banner: 
Beijingzi (MHBU), Mt. Junzishan (MHBU); Hohhot City: Mt. Daqingshan (MHBU); Horgin Right Wing Front Ban- 
ner (Ma et al. 1991); Horgin Right Wing Middle Banner (Ma et a 1991); Huade County (MHBU); Jalaid Banner 
(Ma et al. 1991); Jungar Banner: Dafanpu (MHBU), Shierliancheng (MHBU); Liangcheng County (MHBU, Pan et 
al. 2011a): Erlongshitai (MHBU); Wuchuan County: Shuangyucheng (MHBU). Jiangsu (Tan 1986, Hua 2002, 
Pan et al. 2010). Jiangxi: should be Jiangsu (Pan et al. 2011a, 2011b, 2013, Zhao et al. 2012). Liaoning: 
Tieling (Kôno 1940): Kaiyuan (Kôno 1940); Mókasai (Kôno 1940). Ningxia (Pan et al 2011b, 2013): Guyuan 
County: Kaicheng (MHBU, Pan et al. 2010, 2011a), Woyangchuan (MHBU, Pan et al. 2010, 2011a), Yunwushan 
(NXUM); Jingyuan County: Erlong River (MHBU, Pan et al. 2010, 2011a), Qiugianjia (MHBU, Pan et a 2010, 
2011a), Xixia (MHBU, Pan et al. 2010, 2011a); Mt. Liupanshan (Zhao et al. 2012); Pengyang County: Guamagou 
(MHBU, Pan et al. 2010, 2011a). Shaanxi (Pan et al. 2010, 2011b, 2013, Zhao et al. 2012): Yan'an City (MHBU, 
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Pan et al. 2011a). Shanxi (Pan et al. 2010, 2011b, 2013, Zhao et al. 2012): Mt. Lishan (MHBU); Datong City 
(MHBU, Pan et al. 2011a): Yungang (MHBU); Fanshi County (MHBU, Pan et al. 2011a); Hunyuan County: Mt. 
Hengshan (MHBU, Pan et al. 2011a); Ningwu County: Mt. Luyashan (MHBU); Pinglu District (MHBU). Xinjiang 
(Tan 1986, Hua 2002, Pan et al. 2010, 2011a, 2011b, 2013, Zhao et al. 2012): Tacheng County (Tan et al. 1995), 
Yining County: Qingshuihe (NXUM). 


Kazakhstan. Kazakhstan (MAB). 
Korea. Korea (Kóno 1940, Tshernyshev & Axentiev 1996, Bologna 2008). 


Mongolia. Mongolia (Bologna 2008). N Mongolia (Kuzin 1954); NE Mongolia (Tshernyshev & Axentiev 1996); 
Bulgan: Selenge, N 49.46°, E 104.29°, Elev. 771—807 m (IZCAS). Dornod: Khalhgol, N 47.66048°, E 
118.64237°, Elev. 690 m (IZCAS). Selenge: Altanbulag, N 50.26°, E 106.62^, Elev. 630 m (IZCAS); Yeróó, N 
49.71°, E 106.66°, Elev. 675 m (IZCAS). Tóv: Bornuur, N 48.62°, E 106.33°, Elev. 945 m (IZCAS). 


Russia. Southern territory (Schoenherr 1817, Fischer 1827, Gemminger & Harold 1870). Siberia (Sumakov 
1915, Kóno 1940): East Siberia (lablokoff-Khnzorian 1983, Bologna 2008): Dauria (Marseul 1872, Sumakov 
1930), Irkutsk (Sumakov 1930), Transbaikalia (Kuzin 1954, Tshernyshev & Axentiev 1996); West Siberia (Bo- 
logna 2008). Far East (Tshernyshev & Axentiev 1996, Bologna 2008): 20 km SW Putylaska (MAB). Caucasus 
(Escherich 1892). 


"Central asia" (lablokoff-Khnzorian 1983). 
"Turkestan". Turkestan (Doktouroff 1889, Heyden 1893, Sumakov 1915, 1930, Kóno 1940). 


Doubtful localities. Georgia (Reiche 1865, Sumakov 1930). Russia: Altai (Kuzin 1954). "Asia Minor" 
(Sumakov 1930). "Griechenland" (= Greece) (Kóno 1940). 


Incorrect records. Azerbaijan, Kyrgyzstan, Uzbekistan, Tajikistan, Turkmenistan (Pan et al. 2010, 2011a, 
2011b, 2013, Zhao et al. 2012). Egypt, Syria (Tan 1986, Hua 2002). Turkey: European Territory (Sumakov 
1930): Izmir: Ephesus (Sahlberg 1813). 


